Abstract-On the basis of the lattice model of MORA and PLACE, Discrete Element Method, and Molecular Dynamics approach, another kind of numerical model is developed. The model consists of a 2-D set of particles linked by three kinds of interactions and arranged into triangular lattice. After the fracture criterion and rules of changes between linking states are given, the particle positions, velocities and accelerations at every time step are calculated using a finite-difference scheme, and the configuration of particles can be gained step by step. Using this model, realistic fracture simulations of brittle solid (especially under pressure) and simulation of earthquake dynamics are made.
Introduction
Earthquake prediction still remains one of the most difficult problems, due to many reasons of which the poor understanding of the physical process of earthquakes is a major one. Essentially, an earthquake is a rapidly occurring fracture of the rocks in the interior of the earth (KNOPOFF, 1993) (intraplate earthquake), or is a slip instability controlled by friction (BRACE and BYERLEE, 1966) (an earthquake in plate boundaries). Either a damage theory to predict precisely the failure of such brittle solids is still in a very rudimentary stage, or full understanding of friction phenomenon has not come about, which may be the scientific reason for the difficulty of earthquake prediction.
Similarly, in seismology, it is still very difficult to study analytically the whole earthquake occurrence (spatial and temporal distribution of seismicity) with a large number of coupled fault systems in a geologically complex area.
In recent years, numerical simulation began to play a more important role in studying such complex phenomena. There are already many successful numerical models proposed to simulate earthquakes, such as the spring-block model (BUR-RIDGE and KNOPOFF, 1967; CARLSON and LANGER, 1989; CARLSON et al., 1989) , cellular automata (BARRIERE and TURCOTTE, 1991; LOMNITZ-ADLER, 1993; SAM-MIS and SMITH, 1999) , and SOC model (BÅ K and TANG, 1989) . These models only simulate the general aspects and statistical behaviors of the earthquake process.
Some simulations, such as finite element method (TANG, 1997), finite difference (DAY, 1982; MADARIAGA et al., 1997) , boundary integral equation method (FUKUYAMA and MADARIAGA, 1995) are based on the macroscopic and continuous media. But the earth's crust is far from being continuous, it contains many discontinuities of different sizes.
Molecular Dynamic simulation (MD, HERRMANN, 1989) provides a natural way to study the discrete behavior on a molecular/atomic scale, but when modeling earthquake phenomena, the scale must be many magnitudes coarser. It is difficult and unnecessary to model the earthquake process on a molecular/atomic scale. Discrete Element Method (DEM, CUNDALL and STRACK, 1979 ) is suitable to model the dynamic behavior of an assemblage of blocks and granular materials with discontinuities, and was widely used in engineering and geology.
Several kinds of discrete models have been used in mechanical and engineering fields to model failure and damage evolution of materials. Lattice models are commonly used. Central-force lattice or truss (ASHURT and HOOVER, 1976; CURTIN and SCHER, 1990a,b) is the simplest one, in which only axial forces can be transmitted. These models are simple and easy to handle. However, if the simulation is not on a molecular/atomic scale, negligence of transverse forces and moments may cause some problems, especially under compressive loads. On one hand, it may yield an unrealistic failure mode. On the other hand, if all link rigidity parameters are identical, Poisson's ratio is equal to 1/3, so central-force lattice has only one parameter, while an isotropic elastic solid is defined by two parameters. In the beam lattice (frame) (MONETTE and ANDERSON, 1994) , bending rigidity is included to model forces due to the relative rotations of the links at nodes. In some lattice models (BORN and HUANG, 1954; ASKAR and CAKMAK, 1968; BATHURST and ROTHENBURG, 1988) , axial and transverse forces can be transmitted.
Theoretically, there should be three kinds of relative displacements and therefore three kinds of interactions in order to make a perfect description of relative displacement between two adjacent particles. Therefore three kinds of rigidity parameters should be introduced. However, in order to make a realistic simulation, the three lattice parameters must match the two macroscopic elastic parameters and the failure criterion must be chosen carefully. Although a few researchers (JAGOTA and DAWSON, 1988a,b; JAGOTA and SCHERR, 1993; TOI and CHE, 1994; TOI and KIYOSUE, 1995) used models with three kinds of interactions transmitted, they did not describe how to determine the lattice parameters.
